Abstract Acetabular retroversion may contribute to femoroacetabular impingement and lead to osteoarthritis of the hip. Retroversion has been measured on computed tomography scans. In recent years, assessment of acetabular version on anteroposterior pelvic views has gained increasing attention. We therefore aimed to determine the reliability of radiographic signs of acetabular retroversion and its association with the rater's experience. Five orthopedic surgeons (o1 to o5) rated the crossover sign, ischial spine sign and posterior wall sign on X-rays of 40 hip joints. Also, we determined the rater's experience in recognizing acetabular retroversion with a questionnaire and correlated intraobserver reliability to the calculated experience score. The intraobserver results were 0.325 (o1), 0.848 (o2), 0.684 (o3), 0.701 (o4), and 1.000 (o5) for the crossover sign, 0.750 (o1), 0.890 (o2), 0.593 (o3), 0.483 (o4), and 0.946 (o5) for the posterior wall sign; and 0.578 (o1), 0.680 (o2), 0.595 (o3), 0.375 (o4), and 0.800 (o5) for the ischial spine sign. Interobserver reliability was 0.514 for the crossover, 0.633 for the posterior, and 0.543 for the ischial spine sign wall. The experience sum score correlated to the kappa results for the crossover (r=0.527), posterior wall (r=0.738), and ischial spine sign (r=0.949). Assessing acetabular version on plain radiographs is subject to intraand interindividual error and related to the observer's individual experience.
Introduction
Acetabular retroversion may lead to pincer type femoroacetabular impingement [1] and osteoarthritis of the hip [2, 3] . Up to 48 percent of the overall population may be affected by posterior orientation of the acetabular aperture [4] . Radiographic signs of acetabular retroversion [5] and accompanying insufficient posterior femoral head coverage have been described [6, 7] . As plain radiographs increase in popularity they are beginning to supplant computed tomography scans for the determination of acetabular version [6, 7] . Recognising acetabular retroversion on X-rays is dependent on the extent of retroversion and correct radiographic technique [8, 9] . It was our intention to accurately define the reliability of the crossover, posterior wall [6] and ischial spine sign [5] . Also, we analysed the impact of personal experience on that reliability.
Materials and methods
Forty hip joints on 20 anteroposterior (AP) pelvic X-rays of patients treated for non-arthritic hip pain were randomly chosen by one orthopaedic surgeon experienced in judging acetabular version on radiographs. There were 15 female and five male patients with a mean age of 26.2±8.7 years (range, 16.4-44.6 years).
At our institution, pelvic radiographs are obtained in the supine position with both hips fully extended and internally rotated 20 degrees. The film-focus-distance is 120 cm. The central beam is directed to the midpoint of a line connecting the symphysis to the midpoint of a line connecting both anterior superior iliac spines. Care was taken to choose physiologically inclined (distance between tip of coccyx and symphysis was 1-2 cm) [9] and non-malrotated radiographs (tip of coccyx pointing to symphysis) for this study. The 20 Xray films were independently presented to five orthopaedic surgeons from a department for orthopaedic surgery that annually performs approximately 200 hip preserving operations. The observers rated three signs of acetabular retroversion on two occasions six weeks apart to be either present or not. Prior to first judgment, each observer filled out a questionnaire investigating his or her individual experience in the application of retroversion assessment (see Appendix).
The signs for acetabular retroversion were the crossover sign [6] , the posterior wall sign [6] (which actually indicates insufficient posterior femoral head coverage accompanying acetabular retroversion), and the ischial spine sign [5] . The crossover sign was considered positive when the anterior and posterior acetabular borders crossed prior to meeting at the lateral border of the weight bearing zone [6] (Fig. 1) . The posterior wall sign was considered positive when the centre of the femoral head lay lateral to the posterior acetabular border [6] (Fig. 2) . The ischial spine sign was considered positive when the ischial spine projected inside the pelvic cavity [5] (Fig. 3 ).
To estimate intraobserver agreement, agreement in percentage terms, McNemar's test (to exclude a significant difference between repeated judgments), the phi-coefficient (analysing the strength of agreement between repeated measurements), and Cohen's kappa (intraobserver reliability) were calculated. For interobserver reliability, agreement in percentage and Fleiss' kappa were calculated.
We evaluated experience in judging acetabular retroversion by a 17-item questionnaire (see Appendix). Questions were formulated so that positive answers indicated experience. One point was assigned to each positive answer so that a high sum score indicated experience. Results of kappa intraobserver reliability were correlated to the sum scores by Kendall's tau. Similarly, kappa intraobserver reliability results were correlated to years of clinical experience.
We used SPSS version 17 (SPSS, Chicago, Illinois) for statistical analysis. The results for Cohen's kappa were ranked according to Landis and Koch [10] . Significance was assumed for p<0.05. We obtained approval from our institutional review board (inquiry 300/09). Table 2 Interobserver measurements
Results
Intraobserver reliability was fair to perfect with an average kappa value of 0.712 and a phi-coefficient of 0.727 for the crossover sign, 0.732 and 0.752 for the posterior wall sign, and 0.625 and 0.653 for the ischial spine sign. Between repeated measurements, no significant difference was detected with McNemar's test except for one observer's posterior wall sign judgement (Table 1) . Interobserver reliability was moderate for the crossover and ischial spine sign and substantial for the posterior wall sign ( Table 2 ). The sum score for observer's experience ranged from 6 to 17. Kendal's tau results for the correlation with years of clinical experience was −0.111, and for the correlation with kappa results were 0.527 (crossover sign), 0.738 (posterior wall sign), and 0.949 (ischial spine sign).
Discussion
The normal human acetabulum is anteverted in order to allow impingement free range of motion including flexion, adduction, and internal rotation. Acetabular retroversion may occur in hip dysplasia [11] , Legg-Calvé-Perthes disease [12] , bladder exstrophy complex [13] , proximal femoral focal deficiency [14] , or after pelvic osteotomy [15, 16] and may lead to labral tearing [17] , pincer type femoroacetabular impingement [1] , possibly femoral neck stress fractures [18] and osteoarthritis [2, 3] . Acetabular version is conventionally evaluated on CT scans [6, 7] . After the concept of femoro-acetabular impingement was introduced, radiographic signs for acetabular retroversion started to be increasingly recognised. These signs are however only just beginning to be used in everyday clinical practice and are not yet part of the regular medical university curriculum. Therefore, learning to recognise acetabular retroversion starts with residency. Correct judgment of acetabular retroversion is dependent on pelvic rotation and inclination [9] . Signs of acetabular retroversion also vary with the extent of retroversion. Therefore, judging acetabular retroversion requires accurate teaching and involves a learning process.
In this study, we aimed to determine the intra-and interobserver reliability of three popular radiographic signs of acetabular retroversion: the crossover [6] , posterior wall [6] , and ischial spine sign [5] . We found that while all three signs displayed substantial intra-observer Fig. 1 Anteroposterior radiograph of a 22-year-old female with hip dysplasia and a positive cross over sign at the right sided hip joint. The broad line marks the anterior, the slim line the posterior acetabular rim Fig. 3 The same anteroposterior view as in Fig. 1 with the ischial spine projecting into the pelvis marked by the solid line indicating a positive ischial spine sign Fig. 2 The same anteroposterior view as in Fig. 1 with the posterior wall sign; the centre of the femoral head is located lateral to the posterior acetabular rim agreement, only the posterior wall sign had substantial interobserver agreement on average. We also demonstrated that reliability depends on experience with the identification of retroversion rather than years of clinical practice, even in a department specialised in hip preserving surgery.
Our findings are in concordance with the results of Clohisy et al. who found kappa values for the assessment of acetabular version of 0.46 for intra-observer and 0.39 for intra-observer reliability [19] . Kalberer et al. found superior values for intraobserver and intra-observer reliability for both the crossover and ischial spine sign (intra-observer 0.83 and 0.92, intra-observer 0.92 and 0.91) [5] . Our results for the crossover sign reliability are comparable to the results of Jamali et al. [20] (intra-observer 0.647 and 0.698, intraobserver 0.628 and 0.698) or Tannast et al. [21] (interclass correlation coefficient 0.73-0.77 for intra-observer and 0.60 for the interobserver reliability). The latter also found comparable intra-observer (0.70 and 0.68) and interobserver reliability (0.62) for the posterior wall sign [21] .
Radiographic signs of acetabular retroversion are susceptible to erroneous judgment. They tend to be false positive and increase in magnitude with increasing pelvic tilt and rotation to the affected side [9] . Also, usually only the superior part of the acetabulum is retroverted [6, 20] . This leads to the acetabular borders crossing over in the lateral part of the acetabulum and the impression of "a slight deformity" that may escape diagnosis. Furthermore, the posterior wall sign literally is a sign for insufficient posterior femoral head coverage and may also be positive in global insufficient coverage without acetabular retroversion, e.g. hip dysplasia. Furthermore, the ischial spine sign may be underestimated in pelves underexposed to radiation. Even though we paid close attention to excluding underexposed, malinclined and malrotated radiographs from our study, this is a potential source of misjudgment especially for the ischial spine and also for the crossover sign. The aforementioned are not a weakness inherent to our study but to signs of acetabular retroversion on plain radiographs in general. At least in cases of uncertainty, the gold standard of computed tomography still remains, even though determination of version is also dependent to pelvic inclination in computed tomography [22] . We did not use computed tomography data for this study since it was not our purpose to define the validity of radiographic retroversion signs, which has been done before [5, 20] .
In summary, we conclude that the crossover, posterior wall, and ischial spine sign posses substantial intraobserver but only moderate to substantial interobserver reliability. Teaching how to recognise acetabular retroversion is the responsibility of orthopaedic surgeons performing hip preserving surgery in order to minimise false diagnoses in patients with hip disability. Prior to surgical treatment for isolated acetabular retroversion, we would recommend confirmation of the diagnosis by computed tomography.
